6.5+0.9 319+8 possible "edge" effects from elastic strain accumulation. Similar procedures are used to define the velocities of sites within the Basin and Range province or on its deforming margins (GFLD, ELYA, OASI, OVRO, QUIN, WGRD and WMTN) relative to stable North America.
Uncertainties
Unless specifically stated, all uncertainties in the tables and text represent one standard error, while all error ellipses in figures represent two-dimensional 95% confidence regions (1.7 times the two-dimensional one standard error). Here we describe the procedures used to estimate these uncertainties.
GPS velocity errors may be estimated assuming that measurement noise is uncorrelated in time ("white"). If time-correlated ("colored")noise is present, the true velocity uncertainty will be underestimated if pure white noise is assumed [Johnson and Agnew, 1995] give a complete discussion). Briefly, flicker ("pink") noise has spectral power that is inversely proportional to frequency, while random walk ("red")noise has spectral power that is inversely proportional to frequency squared. Monument noise has been characterized as a random walk process [Langbein and Johnson, 1997] and is likely to be more significant for sites in unconsolidated alluvium than for sites in bedrock. From (1) it can be seen that if random walk noise is small, velocity error depends strongly on the total time span of observations (T) and weakly on sampling frequency (g (Figure 2) . Numerical experiments suggest that approximating an unevenly sampled time series such as this by an equivalent evenly sampled time series yields rate error estimates that differ by less than 1 mm/yr from actual values (usually much less). We make the even sampling approximation in this study. As an example, for station CEDA, with a total of 19 observation days over 5 years (Figure 2) 
Accuracy
One way to assess the accuracy of our derived velocities is to compare results to independent data. This also provides a means to assess the error estimates: if they are reasonable, our expectation is that most velocities reported for the same location should overlap within errors, depending on the confidence level quoted. OVRO and QUIN each have very long baseline interferometry (VLBI) and/or very long baseline array (VLBA) data available for comparison. Table 4 lists published velocities for these sites relative to stable North America, from the compilation of Hearn and Humphreys [1998] , updated to reflect the latest VLBI/VLBA data, solution GLB 1102 [Ma and Ryan, 1998 ], and our own GPS data. The VLBI results listed are not independent, as they all rely on essentially the same data for the early part of their respective time series, but the manner in which stable North America is defined can differ significantly, so the comparisons are still useful. The various VLBI results for a given site often differ by much more than two standard deviations, implying that errors for some of these results may be underestimated. Our GPS estimate for QUIN should be well resolved, as it is based on a large number of data spanning 5 years (Figure 2 ). QUIN's GPS-based horizontal rate estimate (11 mm/yr) lies in the middle of the range of published VLBI values (9-13 mm/yr). The GPS rate, azimuth, and vertical estimates for QUIN all lie within one standard error of the most recent VLBI result, probably the most accurate estimate available at this site. Our GPS rate estimate for OVRO is based on far fewer data ( Figure 2 ) and thus is less reliable, which is reflected in its larger velocity error (Tables 1, 2 
Results
The GPS velocity data are listed in Tables 1 and 2, and  displayed in Figures 2 and 3 . Before using these data to assess the rigidity of the Sierra Nevada block or describe its However, for a more realistic layered rheology, with an elastic layer overlying viscoelastic material, present-day elastic strain effects due to locked faults may be influenced by past earthquakes, and these effects can extend far from the fault and persist long after the last earthquake, depending on earthquake history, fault depth, and crust and upper mantle rheology [Savage and Lisowski, 1998 ]. This is especially important for kinematic studies of continental blocks with space geodesy, since the smaller size of these blocks compared to larger plates means that it may be difficult to find sites whose velocities are uncontaminated by edge effects. The generally smaller size of continental blocks compared to plates also makes it difficult to obtain geographic "spread" in space geodetic site location, which is important for accurate Euler vector estimation, especially if the block boundaries need to be avoided. Together, these effects may limit accurate Euler vector estimates for continental blocks based on space geodesy, unless accurate site velocities can be defined for the interior of the block, appropriate models are available to "calibrate" the edge effects, and statistical tests are available to evaluate results.
The present study takes a first step in addressing these (Table 3) We approximate the effects of the eastern California shear zone to the east by considering only the effect of the westernmost fault (i.e., the fault closest to our sites) in the strain accumulation model, and assuming that this fault carries approximately half of the total -11 mm/yr of slip that needs to be accommodated. For example, south of 37 ø N latitude, we consider only the Owens Valley fault zone, whose slip rate is taken to be 6 mm/yr. North of 38 ø N latitude, the main bounding fault or faults for the Sierra Nevada block have not been determined.
We assume that one of the main boundary faults follows the band of seismicity that, from south to north, begins near Mono Lake, California, continues northwest near the CaliforniaNevada border to Lake Tahoe, and then continues with a small right step (i.e., Lake Tahoe fault depth is unknown we arbitrarily set it to 12 km. If Unless noted, all slip rates, earthquake recurrence earthquake recurrence and time of last earthquake are intervals, and fault depths for the viscoelastic coupling unknown, we arbitrarily set these values to 500 years and [1997] show detectable velocity effects near this location for a period when Long Valley Caldera was less active. However, the magnitude of this local volcanic effect may be partially offset by elastic strain accumulation associated SIERRA NEVADA MOTION with right-lateral strike-slip faulting along the eastern California shear zone, which would tend to slow TIOG's velocity relative to the Sierra Nevada block interior. TIOG's velocity data are included in the Euler vector determination based on all of the "uncorrected" data (solution "d", Table   6 ), but omitted in the other two Euler vector estimates for the whole block (solutions "e" and "h", Table 6 We split the stations into two groups, defining separate Euler vectors for the northern block (CMBB, ORVB, SUTB, TIOG and UCD1) and southern block (CEDA, CMBB, KMED, SPRN and TIOG)to investigate possible differential motion. The data are insufficient to der'me these blocks with completely independent data, so CMBB and TIOG near the center of the block (Figure 3 ) are common to each group. The 95% confidence regions for the two Euler poles have significant overlap, and the rotation rates agree within one standard error ( We will show that Sierra Nevada block motion supplies a useful kinematic boundary condition for models of interior Basin and Range deformation, that the current data suggest that deformation is largely restricted to the eastern and western boundary zones, but that up to 3 mm/yr of interior deformation is allowed by the vector summation approach within uncertainties, a value that is consistent with background seismicity in the interior (e.g., Figure 1 ). Implicit in the vector summation approach as used here is the assumption that the site velocity relative to stable North America is a monotonically increasing function of distance from the craton, with no changes in the sign of the velocity gradient. In other words, given only the kinematic boundary condition (Sierra Nevada motion), we cannot preclude the possibility that the velocity "signal" associated with a zone of convergence is coincidentally cancelled by an adjacent region of extension in the sparsely sampled interior of the Basin and Range, with correspondingly higher total deformation than that estimated from our simple vector summation approach. However, available Our estimate of the azimuth of ELYA's velocity relative to stable North America, 80ø4-14 ø west of north (Table 2) QUIN (e.g., 3 .1+1.1 mm/yr northwest using the GPS result in Table 2 Although Holocene slip rates are not published for this fault, one segment (the Indian Valley fault) is known to have experienced Holocene displacement [Jennings and Saucedo, 1994] . Assuming that the velocity difference at QUIN is due to slip only on these two faults, we can solve for the slip rate of the Mohawk Valley fault assuming the geological slip rate for the Honey Lake fault, using the new Euler vector to predict the motion of a "pseudosite" on the block interior, far from the fault (Figure 5a ). Earthquake history and recurrence interval are not known here, so we revert to the simple elastic half-space model [Savage and Burford, 1973] Reheis and Sawyer [ 1997] give a detailed slip rate history for various segments of the Fish Lake Valley fault zone. For the main, straight section of the fault zone (Oasis section), the average rate after 620,000 years BP is 9.5+2.2 mm/yr, equivalent to our estimate of present day rate (8.4+2.0 mm/yr) within one standard error. Reheis and The three-dimensional geometry of the faults has been ignored in our simple coupling model. That geometry, as well as better data on earthquake history to constrain the viscoelastic response of the lower crust and reduce the number of adjustable parameters, needs to be incorporated in future models to improve the accuracy of fault slip rate estimates derived from geodetic data. Since the model has some sensitivity to earthquake recurrence interval and date of last earthquake, it is also possible that a dense array of high quality geodetic data could provide useful constraints on these parameters independent of estimates from paleoseismic studies. 
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